Objective: Various adjuvant therapies have been introduced along with intensive insulin therapy in patients with recent onset type 1 diabetes. Nicotinamide (NA), administered at diagnosis of the disease, can have beneficial effects on the clinical remission rate, improve metabolic control and preserve or slightly increase beta-cell function, probably by reducing toxicity due to free oxygen radicals. Vitamin E, a known antioxidant, inhibits lipid peroxidation; this can lead to protection of islet beta cells from the combined effects of interleukin 1, tumor necrosis factor and gamma interferon. The aim of the present study was to investigate whether the addition of vitamin E to NA could improve metabolic control and the residual beta-cell function, as measured by C-peptide secretion, in children and adolescents with recent onset type 1 diabetes; patients were followed-up for 2 years after diagnosis. Patients and study design: Recent onset type 1 diabetes patients (n ¼ 64, mean age 8.8 years) were recruited by participating centres of the IMDIAB group. Thirty-two patients were randomized to NA (25 mg/kg body weight) plus vitamin E (15 mg/kg body weight); 32 patients acted as controls and received NA only at the same dose as above. Intensive insulin therapy was applied to both treatment groups. Results: There were three drop outs during the 2-year follow-up period. Overall, patients assigned to the NA þ vitamin E group or the NA group did not significantly differ in terms of glycated hemoglobin (HbA1c) levels, insulin requirement or baseline C-peptide secretion. Patients diagnosed at an age of less than 9 years showed significantly reduced C-peptide levels compared with those aged over 9 years at diagnosis and at the 2-year follow-up but there were no differences between the NA and NA þ vitamin E treated groups. However at 6 months, patients over 9 years of age treated with NA þ vitamin E showed significantly higher C-peptide compared with the NA group (P , 0.003). In both age groups and in the different treatment groups, C-peptide levels found at diagnosis were preserved 2 years later. Conclusions: The use of NA alone, or in combination with vitamin E, along with intensive insulin therapy is able to preserve baseline C-peptide secretion for up to 2 years after diagnosis. This finding is of particular interest for pre-pubertal children with type 1 diabetes and has never been reported before.
Introduction
Type 1 diabetes is most probably caused by an autoimmune destruction of insulin-producing beta cells mediated by cytotoxic T cells recognizing specific cell associated antigens. The introduction of intensive insulin therapy at clinical diagnosis of the disease has been shown to preserve beta-cell mass up to 1 year after disease diagnosis, with deterioration of function soon after (1 -3). Various adjuvant therapies have been introduced along with intensive insulin therapy with the intention of protecting residual beta cells, although the results have been partially disappointing (4 -6).
Nicotinamide (NA) has been shown, when administered at diagnosis of the disease, to have beneficial effects on the clinical remission rate, to improve metabolic control and to preserve or slightly increase betacell function (7) . Possible mechanisms of action include: reducing cytokine cytotoxicity (8) ; improving insulin synthesis by increasing intracellular NAD content (9) , thereby promoting beta-cell regeneration; preventing the toxic effect of nitric oxide on islets (10) and abolishing the inhibitory effect of interleukin 1b on insulin release (11) .
Vitamin E, a known antioxidant, inhibits lipid peroxidation and interferes with the process of cytokine-mediated cytotoxicity by acting as a free oxygen scavenger (12, 13) . It has also been shown that lipid peroxidation is involved in the cytotoxic effects of cytokines on rat islets and that the inhibition of this process protects islet beta cells from the combined cytotoxic effects of interleukin 1, tumor necrosis factor and interferon gamma (14) . Furthermore, vitamin E has been shown to be effective in preventing severe complications in long-standing type 1 diabetic patients (15) . Vitamin E was used in one previous trial at diagnosis of type 1 diabetes with modest results (16) .
Since the mechanisms of action of NA and vitamin E are different, the combination of these two vitamins may elicit interesting effects as they tackle the problem of islet-beta-cell cytotoxicity in diverse ways.
Considering the above reports and our previous encouraging experience using NA alone, the aim of the present study was to investigate, in patients with recent onset type 1 diabetes, the effect of the combination of NA þ vitamin E or NA alone (when administered from diagnosis and continued for up to 2 years) on metabolic control and residual beta-cell function as measured by C-peptide secretion.
Patients and methods

Study design and treatment protocol
The primary aim of this trial was to find out whether the combination therapy of NA þ vitamin E implemented at diagnosis in association with intensive insulin therapyimproves metaboliccontrol (insulinrequirement, glycated hemoglobin (HbA1c)) and beta-cell function (C-peptide) compared with patients receiving NA alone.
Sample size and statistical analysis
The number of patients to be included in the study was calculated from the results of our previous trials and other trials in a population of patients of similar ages to those recruited for the present trial (courtesy of the International Diabetes Immunotherapy Group (IDIG) registry). The trial end-point was set as an increase of baseline C-peptide of 0.13 nM at 6 months after diagnosis. Setting alpha (probability of type I error) equal to 0.05 and beta (probability of type II error) equal to 90%, the required sample size was 54 patients for a two-sided test. To ensure the appropriate sample size, 64 patients were recruited to allow for drop outs.
After baseline measurements were completed, a permuted-block design was used to assign patients to each of the two treatment groups. A random number table was adopted with a prepared list, and a randomization code was assigned to each participating center.
The study was approved by the Ethical Committee of Università Campus Bio-Medico and informed consent was signed by parents.
Selection of patients
Patients with recent onset type 1 diabetes were recruited by participating centers of the IMDIAB group. Patients' inclusion criteria were the following: (a) diagnosis of the disease according to recent American Diabetes Association (ADA) guidelines; (b) age at presentation between 4 and 18 years; (c) duration of clinical disease (since the beginning of insulin therapy) , 4 weeks; (d) no medical contra-indications or any other major chronic disease; (e) willingness and capability to participate in regular follow-up. In all patients, presence of autoantibodies to glutamic acid decarboxylase (GAD) confirmed diagnosis of type 1 diabetes.
The mean age of patients was 8.8 years. Since Tanner stage data were not available, a cut-off age of 9 years was considered appropriate for subsequent analysis of patients regarding puberty, with those under 9 years old being defined as pre-pubertal. Accordingly there were 38 patients under 9 years of age at diagnosis (mean age (^S.D.) 6.3^1.2 years) and 23 patients over 9 years old (mean age (^S.D.) 12.8^7.1 years). Of the former, 20 were treated with NA and 18 with NA þ vitamin E. Of those patients over 9 years of age, 12 received NA alone and 11 received the combination of NA þ vitamin E.
Treatment protocol
Thirty-two patients (mean age (^S.D.) 9^5.4 years) were treated with NA (25 mg/kg body weight) and vitamin E (15 mg/kg body weight) and 32 patients (mean age (^S.D.) 8.7^5.3 years) were treated with the same dose of NA only. This dose was chosen based upon our previous experience (4). In all patients, adjuvant therapy with NAþvitamin E or NA began within 4 weeks of diagnosis. None of the eligible patients refused randomization. Patients were treated with intensive insulin therapy in order to optimize metabolic control as soon as possible after diagnosis and to maintain blood glucose levels to as near normal as possible.
Guidelines for insulin therapy
All patients were placed on three injections of regular insulin at meal times and one of neutral protamine hagedorn (NPH) insulin at bed time. Participating centers used the same treatment protocol as in previous IMDIAB trials (4) based on the following rules: if preprandial blood glucose values were below 6.5 mmol/l, the insulin dose was decreased by 10%; if blood glucose concentrations were consistently below 4.5 mmol/l for more than 3 days the insulin dose was decreased by 20%. Insulin therapy was not discontinued unless 2-h post-prandial blood glucose concentrations measured at home were consistently below 7.5 mmol/l. Patients with blood glucose concentrations above 10 mmol/l received a 10% increase in insulin dose or had their insulin regimen modified. Frequent (weekly) telephone consultations were arranged with patients to adjust the insulin dose as required.
Investigations and follow-up
Patients included in the study were followed up by the staff of the center where they were enrolled. Patients were started on a 55% carbohydrate diet and received three to four injections daily of regular plus intermediate insulin. Each patient recorded daily capillary glucose concentration at fasting and before and after meals, for a total of at least 30 measurements weekly. The subcutaneous insulin dose was adjusted to obtain near-normal blood glucose concentrations.
Patients were examined weekly for the first month of therapy and then tri-monthly by the same team of physicians in each participating center for up to 2 years. Drug toxicity was evaluated at follow-up visits by liver and renal function tests and total blood counts. Glycated hemoglobin (normal range 4-7%) was measured every 3 months by a column assay (Bio-Rad, Milan, Italy), and basal C-peptide concentration was evaluated after euglycemia was achieved before entry into the trial and at tri-monthly intervals for 2 years thereafter. C-peptide was measured by radioimmunoassay using a commercially available kit (Bio-Rad). The normal range of fasting C-peptide established in 150 control subjects (71 females and 79 males, aged 5-40 years, median 18 years, with no family history of type 1 diabetes) was 0.35-1 mmol/l with intracoefficients and intercoefficients varying between 10 and 15% respectively.
Statistical analysis
Data were analyzed using the Statsoft statistical package for IBM computers. Analysis of variance, x 2 and t-test were applied where appropriate. In order to analyze possible effects of puberty on metabolic parameters, comparisons were carried out between patients treated with NA and NA þ vitamin E irrespective of age at diagnosis, as well as dividing patients into those under 9 years old at diagnosis and those over 9 years old at diagnosis.
Results
There were three drop outs (one in the NA þ vitamin E group and two in the NA group), as a result of changes in residential location. The results of this study are shown in Figs 1 -3. During the 2-year evaluation period, patients assigned to NA þ vitamin E or NA treatment did not significantly differ in terms of HbA1c levels (P ¼ n.s.). Mean HbAlc levels were between 6 and 7% (^1 S.D.) at each time point measured, indicating that good metabolic control was achieved and maintained ( Fig. 1) . To reach such control, patients treated with NAþvitamin E received slightly less insulin than patients on NA alone; this was significant only at 18 months (P , 0.03) (Fig. 2) . For the NA group, the insulin requirement at 3 months was 0.48^0.27 IU/kg per day which gradually increased to reach 0.90^0.24 IU/kg/day after 24 months. For the NA þ vitamin E group, at 3 months the insulin requirement was 0.40^0.26 IU/kg per day gradually increasing to 0.75^0.29 IU/kg per day after 24 months. Although the differences were not statistically significant, there appears to be a general trend that after 18 months, the NA group may require slightly more insulin than the NA þ vitamin E group.
The overall data on baseline C-peptide secretion are shown in Fig. 3 . Over the 2-year follow-up there were no significant differences in C-peptide levels between the two groups. Data were then analyzed according to the age at diagnosis as this parameter may influence residual beta-cell function. Overall, patients aged less Regarding the type of treatment in patients diagnosed at under 9 years of age, no significant differences were observed over the study period except at 6 months when the NA þ vitamin E group showed significantly higher C-peptide levels compared with the NA group (0.40^0.2 vs 0.21^0.1 nM respectively, P , 0.003). In patients diagnosed at over 9 years of age, NA alone was able to increase C-peptide levels significantly compared with the NA þ vitamin E group at 6 months (0.43^0.2 vs 0.27^0.1 nM respectively, P , 0.01) and at 9 months (0.43^0.2 vs 0.25^0.2 nM respectively, P , 0.04). No differences in C-peptide levels at 2 years were observed between the different treatment groups.
When HbA1c values and insulin requirement were evaluated according to age at diagnosis, no significant differences were observed between age groups (data not shown).
Overall the main finding is that, no decline in C-peptide levels was observed at 2 years (compared with levels at diagnosis), irrespective of age. Finally, no adverse effects were reported in patients of both groups over the follow-up period. Most importantly, episodes of severe hypoglycemia were limited and were not significantly different between the two treated groups.
Discussion
In this randomized trial we found that the use of NA alone or in combination with vitamin E, together with intensive insulin therapy, was able to preserve baseline C-peptide secretion for up to 2 years after diagnosis. This parameter has important implications for disease outcome (17 -19) . Our trial is the first one that has prolonged the adjuvant therapy using these compounds for 2 years to evaluate the natural history of beta-cell function in a group of children and adolescents with recent onset type 1 diabetes. The observation that baseline C-peptide secretion can be maintained for 2 years after diagnosis in patients diagnosed before and after puberty is novel since all previous trials published studying this particular pre-pubertal age group of patients have shown a significant reduction of baseline and/or stimulated C-peptide at 1 year after diagnosis (20 -23) . In the present study we did not consider a randomized patient group where intensive insulin therapy only could have been implemented without the addition of NA or vitamin E since the main aim of this trial was to evaluate whether the combination of NA þ vitamin E was more effective than NA alone in preserving beta-cell function. In another IMDIAB group study, patients with recent onset type 1 diabetes matched for age were followed up for 2 years with either intensive insulin therapy only or NA added to the treatment (24) . In the latter group significantly more insulin was needed whereas HbA1c levels were higher in the group receiving intensive insulin therapy only; residual beta-cell function, assessed by C-peptide secretion, was similar between the two groups (21) . This suggests that NA probably exerts its action not only by controlling the process of beta-cell destruction, but may also favor insulin resistance.
In the present IMDIAB IX trial the combination therapy of NA þ vitamin E showed overall similar effects on metabolic control when compared with patients receiving NA alone. It should be noted that at some time points during the course of the study, patients receiving the combination therapy of NA þ vitamin E required significantly less insulin than patients on NA alone to reach the same HbA1c levels. Interestingly at 6 months, patients diagnosed at less than 9 years of age showed a significant increase of C-peptide in the NA þ vitamin E group compared with patients treated with NA only. In contrast, in older patients, NA alone appeared at 6 and 9 months after diagnosis to improve residual beta-cell function more than the combination therapy NA þ vitamin E. Such changes were nevertheless minimal and at 2 years C-peptide levels were similar between the two treated groups. The notable observation is that baseline C-peptide at diagnosis clearly reflects the age of patients at the time of disease diagnosis, being lowest in pre-pubertal children.
Another relevant observation in this trial is that patients received intensive insulin treatment for the 2-year follow-up. Other investigators have employed a similar approach, however we believe that the administration of three injections of regular insulin at meal times and one NPH insulin at bed time do not, in isolation, constitute intensive insulin therapy. Adjustment of the insulin dose via continuous consultation with the patient and their parents is probably crucial. In this respect, frequent telephone consultations (weekly), repeated consultations (tri-monthly) continued for 2 years and the motivation of patients and physicians are all important features. Indirect evidence to support the relevance of intensive insulin therapy comes from the results of the IMDIAB VIII trial where recent onset type 1 diabetes patients were treated with continuous intensive insulin therapy from diagnosis (25) . These patients showed a remarkable 38% increase in C-peptide secretion 2 years after diagnosis. It should be noted that more frequent and/or severe hypoglycemic episodes which may occur with such therapy were not observed in our studies.
An interesting aspect to consider is that the reduction in C-peptide secretion is usually taken as an end-point parameter for calculating the sample size in immune intervention trials. However, based on our findings, if appropriate intensive insulin therapy is adopted, the decline in C-peptide secretion (at least baseline) cannot be taken as a parameter for calculating the sample size in trials of this kind. Other parameters (probably immunological) should be identified for this purpose.
In conclusion, it is now well recognized that residual C-peptide secretion is associated with a reduced prevalence of late diabetic complications (3), therefore our aim with young patients with type 1 diabetes is to prolong, as far as possible, such secretion. It appears that this is now feasible, even in very young children, for at least 2 years after diagnosis using intensive insulin therapy. The use of NA alone or in combination with vitamin E, along with intensive insulin therapy, as shown in the present trial, is of particular interest especially for pre-pubertal children.
